Adenylyl cyclases possess complex structures like
Figure 1
Diagram of eGFP fusion constructs. The green balls represent the eGFP molecule (GFP). The small cylinders are the transmembrane segments of AC8. The parts below and above the cylinders are inside and outside the cell, respectively. The red parts indicate the first half of AC8, which includes the N terminus (N), the first transmembrane cluster (Tm1), and the C1 loop (C1); the blue parts indicate the second half of AC8, which includes the second transmembrane cluster (Tm2) and the C2 loop (C2). The blue dotted line indicates the missing portion in GFP/8M13. The small branch on the top of the extracellular loop between the ninth and tenth transmembrane segments indicates the N-glycosylation site. In the construct names, "GFP" represents eGFP, a slash indicates the junction between the eGFP and the parts of AC8 (N, Tm1, C1, Tm2, and C2); viz., GFP/8C2 is N-terminally tagged, whereas 8NTm1/GFP is C-terminally tagged. These apply to all the cartoons and names for the rest of the figures and text.
that the two transmembrane clusters were necessary and with CFP and YFP, respectively, cotransfected these constructs, and assessed whether FRET would occur. Since sufficient for the whole molecule to traffic to the plasma membrane and that the C1 and C2 domains played no energy transfer between YFP and CFP occurs only at distances less than 5 nm, efficient FRET would indicate major role in targeting. The converse experiment -cotransfecting a tagged 8NTm1/GFP with untagged 8Tm2 -that the two termini were in close contact [14] . Cotransfecting the complimentary pairs 8NTm1/CFP and YFP/ also resulted in appropriate plasma membrane expression, which confirms this conclusion (Table 1) . Furthermore, 8Tm2 or 8NTm1/YFP and CFP/8Tm2 resulted in both constructs translocating to the plasma membrane (Figure the C1 loop alone could not change the ER location of either GFP/8Tm2C2 or GFP/8Tm2 (Figure 2b ). In addi3a,b) where YFP and CFP fluorescence completely overlapped. However, more importantly, extremely efficient tion, the cytoplasmic distribution pattern of GFP/8C2 was not altered by cotransfection with any of the constructs CFP-to-YFP energy transfer was detected. The apparent intensities of corrected FRET (FRET C ) signals were 4-to from the first half of AC8 (Figure 2b) . 5-fold higher than the FRET C signals measured by the identical technique for the EGFR-Grb2 interaction [15] . The rescue of plasma membrane targeting by coexpres-
The strong FRET between the two cotransfected consion of the two transmembrane clusters suggested that the structs clearly indicated that the two transmembrane clustwo clusters might interact. This conclusion is supported by ters were closely associated (Figure 3a , and this finding suggested that a tight interaction estingly, co-IP assays also revealed a strong homomeric occurs even after the complex is delivered to the plasma interaction of 8Tm2. Dramatically decreased interactions membrane. FRET analysis also reveals that 8Tm2 forms were observed between the 8Tm1 and 8Tm2 domains of a homomultimer in the ER (Figure 3c ), and this is in the B form of AC8. This B form is a naturally occurring keeping with the co-IP results (see Supplementary matesplice variant of AC8 that lacks the extracellular loop rial). 8NTm1 also forms homomultimers, but it does so between the ninth and tenth transmembrane segments, much less tightly than does 8Tm2 (not shown). As negative in which the only N-glycosylation site of AC8 resides [13] . The interaction between the Tm1 and Tm2 domains controls, EGFR/YFP, which is expressed in the plasma discerned by co-IP experiments is also specific for the membrane [15] , as well as CFP/8Tm2 and 8NTm1 were isoform of adenylyl cyclase (see Supplementary material).
cotransfected. YFP-and CFP-tagged proteins were colocalized in the plasma membrane, but FRET was not detected (Figure 3d ). Cotransfection of the free CFP and YFP by An unequivocal detection of protein-protein interactions themselves was performed as another negative control, in living cells is provided by FRET microscopy [14, 15] . We replaced the GFP in 8NTm1/GFP and in GFP/8Tm2 which again showed colocalization (in the cytosol) but no FRET signals (Figure 3e ). These studies clearly demonters, we tested more constructs. 8Tm1 lacking the first 106 residues behaved just like 8NTm1, and this result strate that direct and persistent interactions occur between the two transmembrane clusters of AC in living cells.
confirmed that the N terminus of AC8 is not required for interaction and trafficking. However, 8Tm [1] [2] [3] [4] [5] , which lacked the sixth transmembrane segment, could not bring To further identify the important regions for the interaction and trafficking in these two transmembrane clus-GFP/8Tm2 to the plasma membrane (Table 1) . When because the results were expected to be negative. HEK 293 cells were performed, with one construct eGFP tagged, the GFP/8Tm2 was dissected into two parts, GFP/8Tm 7-9 Figure 3 and GFP/Tm 10-12 , both remained in the ER, even in the presence of 8NTm1 (Table 1 ). In agreement with co-IP data, GFP/8Tm2C2B also stayed in the ER when it was coexpressed with 8NTm1 (Table 1 ). In fact, the B form of AC8, eGFP-tagged at the N-terminal, was mainly located in the ER (data not shown), and this finding confirmed a previous speculation that the A and B forms of AC8 have different cellular localization [13] . These results suggested a role for N-glycosylation -or, more conservatively, the extracellular domain that includes the N-glycosylation site -in proper targeting. We also tested whether 8NTm1 could bring GFP/2Tm2C2 and GFP/5Tm2C2, respectively, to the plasma membrane. The imaging results were negative, which again was consistent with the co-IP data. This demonstrates the isotype selectivity for interactions among AC transmembrane domains (Table 1) .
We next addressed the role of the interaction of the transmembrane clusters and catalytic activities of AC. Not surprisingly, given that AC activity needs both the C1 and C2 regions [16] [17] [18] [19] , transfection of any construct lacking either of the two cytoplasmic loops (C1 and C2) resulted in no catalytic activity above background activity ( Figure  4) . However, cotransfecting the two halves of AC8, such as in the cases of 8NTm1C1/GFPϩGFP/8Tm2C2 and 8NTm1C1ϩGFP/8Tm2C2, resulted in forskolin-and Ca appear that the C1/C2 interaction is not particularly
